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Abstract
The objective of this study was to evaluate the survival of Rhipicephalus microplus females 
under low temperature, to determine the influence of temperature and relative humidity 
(RH) on the biological parameters of this tick. In total 300 viable engorged female ticks 
collected from cattle were used. On the day of collection (D0), 30 female ticks were divided 
into three groups: G1, kept at 28 °C and 80% RH; G2, kept at 20 °C and 80% RH; and G3, 
kept at 20 °C and 30% RH. The remaining females were stored in a refrigerator at 4 °C. 
Over the next 9 days (D+1 to D+9), 30 female ticks were removed daily from the refrigera-
tor and distributed among the three treatments. Egg mass, feed conversion rate, egg incu-
bation period, larval hatch rate, number of dead females per group, weight of female tick 
removed from the refrigerator, and female tick weight loss were recorded. At 20 °C and 
80% RH hatching was delayed. Among the female ticks kept in the refrigerator and then 
allocated to groups G1, G2, and G3, there was a reduction in reproductive efficiency and a 
rise in mortality as time in the refrigerator increased. The female ticks expressed their best 
reproductive capacity when subjected to the refrigeration temperature for a maximum of 
3 days and then kept at 28 °C and 80% RH. Thus, although female ticks can be stored in 
the refrigerator before being sent to research centers for use in bioassays, the storage time 
should be as short as possible, not exceeding 3 days.
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Introduction
Ticks are obligate ectoparasites of which more than 950 species are currently cataloged 
(Dantas-Torres et al. 2019). In Brazil, 75 species distributed in two families, Argasidae and 
Ixodidae, are known (Martins et  al. 2019; Labruna et  al. 2020; Muñoz-Leal et  al. 2020; 
Onofrio et  al. 2020). Of the tick species that occur in Brazil, Rhipicephalus microplus 
(known as the cattle tick) is the one that causes the greatest impact on cattle, being respon-
sible for an estimated loss of 3.25 billion US dollars annually (Grisi et al. 2014). Addition-
ally, tick resistance to insecticides has been increasingly observed throughout the Brazilian 
territory (Reck et al. 2014; Higa et al. 2015), and the monitoring of these populations has 
become of great importance for producers (Andreotti et al. 2019).
Although it is an exotic tick, the climatic and microenvironment conditions are favora-
ble to the establishment and maintenance of R. microplus in Brazil. Some studies show 
that, depending on the climatic conditions of each region of the country, its population 
dynamics can vary from two to five generations per year in locations with average tem-
peratures above 17 °C (Vidotto 2002; Cruz 2017). More specific studies of the nonparasitic 
phase report that female ticks are influenced by environmental variables particularly tem-
perature and humidity (Buczek 2000; Lindgren et al. 2000; Brovini et al. 2003).
The objective of the present study was to evaluate the survival and reproduction of 
the nonparasitic phase of R. microplus under laboratory conditions using ticks previously 
exposed to temperatures of 4 °C. The aim was to be able to advice farmers on the collec-




The study was conducted at the Tick Biology Laboratory of Embrapa Beef Cattle (20° 44′ 
S, 54° 72′ W, 530 m above sea level), located in the municipality of Campo Grande, Mato 
Grosso do Sul, Brazil.
Tick collection
Engorged females were collected from stabled and artificially infested cattle. After natural 
detachment from the host, the females were collected, washed, and separated into homoge-
neous groups according to weight. The Ethics Commission on the Use of Animals/CEUA 
of the Federal University of Mato Grosso do Sul/UFMS, under protocol number 699/2015, 
approved this study.
Experiment
The experiment used 300 viable engorged female ticks (all ticks collected at once), 30 of 
which were distributed on the day of collection (D0) into three groups, each subjected to 
a different treatment: group 1 (G1), kept in the biological oxygen demand (BOD) incuba-
tor at 28 °C and 80% RH (ideal temperature and relative humidity conditions) (Cruz et al. 
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2020); group 2 (G2), kept at 20 °C and 80% RH; and group 3 (G3), kept at 20 °C and 30% 
RH. Before allocating each group of females to their corresponding treatment, the ticks 
were weighed on a precision scale, and the mean weight of the female ticks of each group 
(WFem) was recorded.
The remaining 270 female ticks were stored in a domestic refrigerator at 4 °C, removed 
daily, and subjected to treatment G1, G2, or G3. That is, at 24 h (D+1) after the beginning 
of the experiment, 30 of the female ticks were removed from the refrigerator and separated 
into three groups of 10, which were weighed and distributed among treatments G1, G2, 
and G3. This procedure was performed on days D+1 to D+9.
Each group of female ticks was inspected daily, and the following parameters were 
measured as described by Szabó et al. (1995): egg mass weight (EMW; mg), feed conver-
sion rate (FCR; %), egg incubation period (IP; days), and larval hatch rate (HR; %). In 
addition, the number of dead female ticks per group (NDF) was recorded. The females kept 
in the refrigerator were weighed before being allocated to the corresponding treatments in 
G1, G2, and G3, yielding the mean weight of the females removed from the refrigerator 
(WFRR; mg). To evaluate the weight loss over the days in the refrigerator, the mean weight 
loss of females (WLF; mg) was calculated as WLF = WFem–WFRR.
Data analysis
Spearman correlations were performed to determine whether each of the biological param-
eters (WFem, EMW, FCR, IP, HR, WFRR, NDF, WLF) was correlated with the period 
(days D0 to D+9). Separate analyses were performed for each parameter and each group 
(G1, G2, and G3). A correlation matrix is provided to show the relationships between bio-
logical parameters. The χ2 test was used to compare the feed conversion rate and hatch-
ability rate per day between the groups studied. Analyses were performed in the BioEstat 
program considering an α value of 5% (Ayres et al. 2007).
Results
No female initiated oviposition while kept at 4 °C, even after remaining in the refrigera-
tor for up to 9 days. The biological parameters for groups G1, G2, and G3 are shown in 
Tables  1, 2, and 3, respectively. The relationships between biological parameters is pre-
sented in a correlation matrix (Table 4). Due to the previous exposure of the ticks to the 
refrigeration temperature over the experimental days, there was variation in at least three 
biological parameters in each evaluated group. In G1, the egg mass weight, feed conver-
sion rate, and weight of the females removed from the refrigerator were negatively corre-
lated with the low-temperature (refrigerator) time (Table 1). The initial egg mass weighed 
126 mg, which fell to only 53 mg at D+9, causing the feed conversion rate to decrease from 
41 to 50% in the first few days (D0 to D+3) to < 20% on days D+8 and D+9 (Table 1). In 
contrast, the number of dead female ticks and weight loss of females had a positive cor-
relation with time (Table 1). Initially, there were only one or two dead female ticks (D0 
to D+3) per group, whereas on days D+8 and D+9, there were five dead female ticks per 
group (50% mortality). Thus, there was a daily reduction in reproductive efficiency and 
an increase in the mortality of female ticks due to exposure to low temperature, even after 
being removed from the refrigerator and placed at 28 °C and 80% RH (Table 1).
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In G2, the biological parameters egg mass weight, feed conversion rate, and larval hatch 
rate also had a negative relationship with low-temperature time (Table 2). Both, egg mass 
weight and feed conversion rate values gradually decreased with greater exposure to the 
refrigerator conditions. Egg mass weight decreased from 143 mg initially to only 28 mg 
at D+9. As a result, the initial feed conversion rate, which was 39.3% at D0, gradually 
decreased to 7.4% at D+9. Additionally, as seen in G1, the number of dead female ticks 
and weight loss of females increased over time (Table 2). At D0 and D+1, there were no 
dead female ticks, but at D+9, there were seven (70% mortality) on that day.
In G3, egg mass weight and feed conversion rate again showed a negative relationship 
with refrigeration time (Table  3). The initial egg mass weight (D0), which was 59  mg, 
Table 4  Correlation matrix of biological parameters of three groups of Rhipicephalus microplus, at 28 °C 
and 80% RH (group 1), 20 °C and 80% RH (group 2), and 20 °C and 30% RH (group 3)
WFem mean weight of female ticks, EMW mean egg mass weight, FCR feed conversion rate, IP incubation 
period, HR larval hatch rate, WFRR mean weight of females removed from the refrigerator, NDF number of 
dead females per group, WLF mean weight loss of females









 WFem 1 – – – – – – –
 EMW 0.635* 1 – – – – – –
 FCR 0.489ns 0.984** 1 – – – - –
 IP 0.108ns  − 0.200ns  − 0.250ns 1 – – – –
 HR  − 0.104ns  − 0.199ns  − 0.218ns 0.062ns 1 – – –
 WFRR 0.858** 0.898** 0.819**  − 0.266ns  − 0.125ns 1 – –
 NDF  − 0.355ns  − 0.744*  − 0.769** 0.066ns 0.069ns  − 0.601ns 1 –
 WLF  − 0.534ns  − 0.662*  − 0.636* 0.203ns 0.180ns  − 0.666* 0.818** 1
Group 2
 WFem 1 – – – – – – –
 EMW 0.129ns 1 – – – – – –
 FCR 0.035ns 0.995** 1 – – – – –
 IP 0.140ns  − 0.681*  − 0.686* 1 – – – –
 HR 0.366ns 0.752* 0.727*  − 0.471ns 1 – – –
 WFRR 0.932** 0.427ns 0.341ns  − 0.092ns 0.577ns 1 – –
 NDF 0.023ns  − 0.919**  − 0.920** 0.826**  − 0.615ns  − 0.272ns 1 -
 WLF 0.040ns  − 0.840**  − 0.849** 0.620ns  − 0.634*  − 0.325ns 0.809** 1
Group 3
 WFem 1 – – – – – – –
 EMW 0.125ns 1 – – – – – –
 FCR  − 0.021ns 0.989** 1 – – – – –
 WFRR 0.992** 0.122ns  − 0.022ns – – 1 – –
 NDF 0.295ns  − 0.806**  − 0.860** – – 0.264ns 1 –
 WLF 0.269ns 0.049ns 0.006ns – – 0.146ns 0.299ns 1
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decreased to only 26 mg at D+9. Consequently, feed conversion rate decreased from 17.8% 
to only 7.3% from day D0 to D+9. The number of dead female ticks also increased over 
time (Table 3), and the mortality was only one female tick in the early days but reached 
seven at D+9 (70% mortality) (Table 3). This group had no larval hatching, indicating that 
humidity was the critical factor in egg incubation, as it promoted the drying of all egg 
masses evaluated.
Although there was a daily reduction in the reproductive capacity of engorged female 
ticks that were exposed to 4 °C and then allocated to incubator (28 °C and 80% RH), the 
females had better reproductive performance when subjected to refrigeration temperature 
for at most 3 days, as shown in Table 1.
The egg incubation period was 25 days for the ticks in G1, regardless of the low-temper-
ature exposure time of the female ticks (Table 1). In G2, however, because the incubation 
temperature of the eggs was lower (20 °C) than in G1, incubation period was longer, taking 
on average 60 days until larval hatching (Table 2). Larval hatch rate had a constant mean 
value of 95% over time for G1 (Table 1), unlike for G2, in which larval hatch rate ranged 
from 90% (D0) to 10% (D+9) (Table 2).
When comparing G1, G2, and G3 on each day, feed conversion rate differed between 
the three groups on all days, except for days D+4 and D+8 (Table 5). G1 showed a higher 
feed conversion rate than G3 on days D+0, D+1, D+2, and D+3. This same group showed 
a higher feed conversion rate than G2 at D+5. Finally, the feed conversion rate of G1 was 
higher than that of G2 and G3 on days D+6, D+7, and D+9. Larval hatch rate was sig-
nificantly different between G1 and G2 on all days except D0 and D+2, being higher in 
G1 than in G2 on days D+1, D+3, D+4, D+5, D+6, D+7, D+8, and D+9 (Table 5). G3 
showed no hatchability during the study period.
The above results demonstrate that when kept at 28 °C and 80% RH (G1), female ticks 
express their reproductive potential better than the other groups.
Table 5  Feed conversion and larval hatch rate (%) of three groups of Rhipicephalus microplus, at 28 °C and 
80% RH (G1), 20 °C and 80% RH (G2), and 20 °C and 30% RH (G3) on separate days, compared by the χ2 
test
Period (days) Feed conversion rate (%) Larval hatch rate (%)
Groups Statistical test Groups Statistical test
G1 G2 G3 χ2 P G1 G2 χ2 P
D0 41.9 39.3 17.8 10.561 0.005 98.0 90.0 0.261 0.61
D+1 50.3 33.9 24.6 9.362 0.009 97.0 50.0 14.395  < 0.001
D+2 41.3 27.3 20.8 7.337 0.026 85.0 75.0 0.506 0.48
D+3 45.7 31.5 22.6 8.166 0.017 97.0 40.0 22.891  < 0.001
D+4 31.2 24.3 17.1 4.659 0.097 95.0 20.0 47.617  < 0.001
D+5 30.0 11.9 17.3 8.691 0.013 97.0 10.0 69.121  < 0.001
D+6 26.4 9.3 8.9 13.430 0.001 97.0 30.0 34.299  < 0.001
D+7 30.0 11.3 10.8 13.683 0.001 97.0 50.0 14.395  < 0.001
D+8 17.4 9.1 11.5 2.885 0.24 97.0 20.0 49.368  < 0.001
D+9 18.5 7.4 7.3 7.410 0.025 97.0 10.0 69.121  < 0.001
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Discussion
Engorged females were kept at 4 °C for up to 9 days, and at no time did they initiate ovi-
position, corroborating the findings by Furlong (1990), who reported delayed oviposition 
when ticks were under low temperatures. On the other hand, when they were removed from 
the refrigerator and kept at higher temperatures (28 or 20 °C), the females started oviposi-
tion. Chagas et  al. (2001) reported an average of 9.8  days for the preoviposition period 
during the winter, with an average temperature of 17.9  °C in a field experiment. Other 
studies also indicate that the temperature considered ideal for oviposition in R. microplus is 
approximately 27 °C (Bennett 1974). As mentioned above, when subjected to low tempera-
tures, ticks may undergo some changes in their reproductive process. Similarly, Esteves 
et al. (2015) found a significant difference between females kept at 18 and 28 °C: females 
kept at at 18 °C had a lighter egg mass and lower feed conversion rate, and larvae did not 
hatch from eggs of females kept exclusively at 18 °C. Temperature was found to be a key 
factor in the preoviposition period, both in a laboratory study (Hitchcock 1955) and in a 
field study (Snowball 1957). In a study conducted for 3 years in the field, temperature was 
the main factor prolonging the preoviposition period (Souza et  al. 1988). In the present 
study, corroborating the aforementioned results, we demonstrated that engorged female 
ticks kept at low temperatures (4 °C) did not initiate oviposition for at least 9 days; they 
delay oviposition while waiting for an adequate temperature to start. It is important to note 
that the data presented here were obtained under laboratory conditions.
The feed conversion rate of the engorged female ticks indicates their ability to produce 
eggs relative to the weight at detachment of each engorged female. In this study, expo-
sure to prolonged low temperature negatively affected egg production in engorged females 
because the longer the time at 4 °C, the lower the egg mass production.
Another limiting factor for the reproduction of engorged females was relative humidity. 
There was a marked drop in egg mass weight, and no larval hatching was seen in the group 
kept at 30% RH. These findings corroborate the study conducted by Bennett (1974), where 
humidity became a limiting factor when below 40%, as well as the study conducted by 
Hitchcock (1955), who also showed the influence of humidity on the duration of oviposi-
tion and larval hatching, the latter being unfeasible at relative humidity below 70%. A field 
experiment conducted by Chagas et al. (2001) also found a decrease in egg mass weight 
that was correlated with low humidity. Davey et al. (1991) reported that drought made eggs 
infertile.
The egg incubation period of G1 (28 °C and 80% RH) was similar to the mean obtained 
by Glória et al. (1993) and Furlong (1990), reaffirming the ideal temperature and relative 
humidity conditions for the tick species in question. The mean larval hatch rate of G1 in 
this experiment was 95%, consistent with that of Glória et al. (1993) under similar tem-
perature and relative humidity. Conversely, G2 had a lower larval hatch rate than G1, which 
agrees with Davey and Cooksey (1989), who reported that prolonged exposure to low tem-
perature can negatively affect egg viability.
The present experiment showed that the engorged female death rate increased starting at 
D+7 of exposure to 4 °C. Esteves et al. (2015) reported mortality rates of 3.2 and 4.8% in 
ticks kept at 28 and 18 °C, respectively. Studies on the effect of temperature have also been 
conducted with other tick species. According to Ouhelli et al. (1982), when Rhipicephalus 
annulatus ticks are exposed to 16 °C, the preoviposition period and the oviposition are neg-
atively affected. A study of Rhipicephalus decoloratus evaluated the effect of humidity on 
embryonic development (Londt 1975), and showed that at a constant 26 °C in incubators 
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with relative humidity levels between 50 and 100%, larval hatchability decreased drasti-
cally (~ 37%) and embryonic development ceased when the humidity was below 70–80%, a 
finding similar to ours.
It is important to observe the nonparasitic phase of the tick to better evaluate its bio-
logical cycle and to find a more ecologically feasible route to combat the parasite, per-
haps an integrated control method (Chagas et al. 2001). The results presented here, under 
laboratory conditions, highlight the high reproductive capacity of R. microplus when under 
favorable conditions. An increase in temperature in certain regions, for example due to 
global climate change, could favor the populations of R. microplus. However, this needs 
to be investigated under natural conditions. Cruz et al. (2020) reported an increase in the 
number of annual generations of this tick species for southeast Brazil, possibly due to cli-
mate and environmental changes.
Another contribution of this study is the finding that the biological parameters of 
engorged females are not significantly affected by short exposure to low temperature, for 
just a few days (days D+1 to D+3). This supports another important method used for the 
study of the control of this ectoparasite: the acaricide resistance test known as the adult 
immersion test (AIT). To perform an AIT, with engorged female ticks, it is necessary to 
start before oviposition begins. Due to the large distances between cattle farms (affected by 
ticks) and the laboratories that perform the bioassays, transport often takes more than 1 day 
until arrival at one of these centers. As a result, the female ticks may initiate oviposition, 
making the test unfeasible. Thus, keeping the ticks refrigerated (at 4 °C) after collection in 
the field for up to 3 days can assist in the maintenance of ticks during transport to undergo 
bioassays without compromising the results.
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